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1 
RETINAL IMPLANT WITH RECTIFIED AC 
POWERED PHOTODIODE 


CROSS-REFERENCE TO RELATED 
APPLICATIONS 


This application is a U.S. Nationalization of PCT Interna- 
tional Application No. PCT/EP2009/000176 filed 14 Jan. 
2009, entitled *RETINAL IMPLANT WITH RECTIFIED 
AC POWERED PHOTODIODE,” which claims the benefit 
of PCT International Application No. PCT/EP2008/000231 
filed 14 Jan. 2008, entitled “OPTICAL RECEIVER ELE- 
MENT” the entireties of which are incorporated herein by 
reference. 


TECHNICAL FIELD 


The present invention relates to a medical implant device, 
and more particularly to a microelectronics element, such as 
a microchip, to be incorporated in the medical implant device. 

Ina particularly preferred application ofthe present inven- 
tion, the medical implant device comprises a retinal implant 
and the microelectronics element may be in the form of an 
optical receiver element for the retinal implant. It will be 
appreciated, however, that the present invention is not limited 
to this particular application, but may be employed in various 
medical implant applications where microelectronic compo- 
nents are used, including, for example, pacemakers, cochlea 
implants and hearing aids, neural implants, as well as other 
implant devices. 


BACKGROUND TO THE INVENTION 


When microelectronic components are employed in medi- 
cal implant devices, an important consideration is to protect 
the microelectronic components from the adverse affects of 
the aqueous environment usually encountered within the 
human or animal body. In particular, the moisture or fluids of 
the human or animal body to which such medical implant 
devices are almost invariably exposed are typically electro- 
lytic conductors and create a potentially corrosive environ- 
ment for the microelectronic components, especially when 
those components are supplied with a direct current (DC) 
voltage via a battery power source or a converted alternating 
current (AC) power supply. When the microelectronic com- 
ponents are exposed to corrosive influences, the efficacy of 
the medical implant device can be compromised leading to 
reduced performance or even to a complete failure of the 
device. For example, when an optical receiver element is used 
in an environment where it is exposed to aqueous solutions or 
other liquids, proper functioning ofthe receiver element may 
be impaired by electrochemical corrosion. 

А typical solution to this problem is to enclose or епсазе 
the microelectronics and other sensitive components in such 
a way that they are impervious to moisture. For example, the 
sensitive components or even the entire medical implant 
device may be hermetically sealed from the aqueous environ- 
ment of the body, for example, by an enclosure or a coating 
layer, such as a polymer coating. Silicone polymers are par- 
ticularly favorable in this context because of their high bio- 
compatibility. Such a coating layer, however, not only com- 
plicates the manufacturing process, but also has the problem 
that the microelectronic components still need to maintain an 
electrical contact with external components. This often 
requires that a physical connection be provided through the 
protective enclosure or coating layer and, thus, a breach in the 
protective enclosure or layer is created. Additionally, while 
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sealing some components or the entire implant device with, 
for example, a polymer coating layer can provide effective 
protection from a corrosive environment, it can also involve a 
conflict between the requirements of impermeability to mois- 
ture on the one hand, and flexibility of the implant device on 
the other, particularly in the field of retinal implants. 


SUMMARY OF THE INVENTION 


It is therefore an object of the present invention to provide 
a medical implant device in which the sensitive microelec- 
tronic components of the device are adequately protected 
from the aqueous environment of the human or animal body, 
without all of the drawbacks or limitations noted above. 

The present invention provides a microelectronics element 
for a medical implant device as. In this respect, the present 
invention is preferably embodied as an optical receiver ele- 
ment. Furthermore, the invention provides a medical implant 
device, such as a retinal implant. In one broad aspect, there- 
fore, the present invention provides a microelectronics ele- 
ment, such as a microchip, for a medical implant device to be 
implanted in the human or animal body, the microelectronics 
element comprising: a functional unit including application 
specific microelectronics for performing a function in the 
medical implant device, and rectifier means adapted for con- 
verting an alternating current (AC) supply voltage into a 
direct current (DC) voltage. The DC voltage provided by the 
rectifier means, or an operating voltage which is derived from 
the DC voltage, is configured to be supplied to the functional 
unit. The functional unit and the rectifier means are integrated 
on a common semiconductor substrate such that the micro- 
electronics element does not need an external DC voltage 
supply. In other words, the microelectronics element of the 
invention is configured to avoid, or to be isolated from, appli- 
cation of a DC signal; for example, there is no DC signal at an 
outer region of the microelectronics element (i.e. microchip) 
that forms an interface with an aqueous environment in the 
human or animal body. 

Thus, the present invention provides corrosion suppression 
means adapted to isolate a microelectronics element or a 
microchip from the adverse affects of an externally applied or 
acting DC voltage. In particular, the configuration of the 
microelectronics element or microchip of the invention ren- 
ders it designed for exposure to an AC supply voltage only, 
and desirably excludes the flow of direct current outside of, 
out from, and/or at a body-interface of the element or micro- 
chip ofthe invention. This, in turn, renders the microelectron- 
ics element or microchip inherently resistant to the corrosive 
effects of the aqueous environment within the body. In par- 
ticular, the external application ofan AC supply voltage to the 
microelectronics element or microchip of the invention does 
not give rise to the same corrosive effects experienced with 
DC voltage supply due to the constantly (and frequently) 
alternating polarity of the voltage supply. The integration of 
the rectifier means with the application specific microelec- 
tronics ofthe functional unit on one common semiconductor 
substrate, e.g. in a microchip, in such a manner that the 
rectifier means isolates the microelectronics element from an 
externally applied or acting DC voltage thus forms a corro- 
sion suppression means in the microelectronics element. 
While a polymer coating layer may stil be desirably 
employed with such an element, lower thicknesses of the 
coating layer providing greater flexibility are more viable. 

In a preferred form of the invention, the microelectronics 
element further comprises a capacitor integrated on the com- 
mon substrate and connected to a terminal of said functional 
unit, such that the capacitor is adapted for decoupling an 
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alternating component of a signal output from the functional 
unit. In particular, the decoupling capacitor may be arranged 
to ensure that a signal output from the microelectronics ele- 
ment or microchip (e.g. at an output pin) only has an alter- 
nating component. This capacitor arrangement can therefore 
again serve to exclude the direct action of an external DC 
signal on an outside ofthe microelectronics element or micro- 
chip (i.e. at an interface with an aqueous environment of the 
body); that is, it may serve to avoid direct exposure of the 
microelectronics element or microchip of the invention to an 
external DC signal. 

In a preferred form of the invention, the microelectronics 
element further comprises an amplifier adapted to amplify a 
signal which is output from the functional unit, or a signal 
which is derived therefrom. 

In one particular form of the invention, the application 
specific microelectronics ofthe functional unit may comprise 
a processor, such as a data processor. 

In a more preferred form of the invention, however, the 
functional unit consists of, or comprises, a photosensor which 
is adapted for detecting incident light, such that the micro- 
electronics element can be embodied as an optical receiver 
element. The photosensor may, for example, be adapted for 
converting a modulated light signal into a corresponding 
detection signal. In this connection, the photosensor may be 
adapted to receive and detect a light signal, and more prefer- 
ably, an infrared light signal. The photosensor may, for 
example, be in the form of a photodiode. 

In a particularly preferred embodiment, therefore, the 
invention provides an optical receiver element comprising: a 
photosensor adapted for detecting incident light, and a recti- 
fier adapted for converting an AC supply voltage into a DC 
voltage. The DC voltage from the rectifier, or an operating 
voltage derived from the DC voltage, is supplied to the pho- 
tosensor, and the rectifier and the photosensor are integrated 
on one common semiconductor substrate. 

By integrating the rectifier and the photodiode on one 
common substrate, the optical receiver element is adapted to 
be operated with AC voltage instead of DC voltage. Photo- 
diodes used previously have typically required a DC voltage 
supply, which has often led to the galvanic corrosion of metal 
elements that are exposed to an aqueous environment. In the 
optical receiver element according to embodiments of the 
present invention, the DC voltage supply is replaced by an AC 
voltage supply. Thus, the DC voltage generated by the recti- 
fier does not come into direct contact with the medium exter- 
nal to the optical receiver element. With regard to the AC 
supply voltage, the problems related to galvanic corrosion are 
much less severe, because the polarity of the supply lines 
changes at high frequency. By employing an AC voltage as a 
supply voltage, therefore, damage due to galvanic corrosion 
may be significantly reduced or even completely avoided. 
This invention thus supports the use of optical data transmis- 
sion in environments where galvanic corrosion is likely to 
occur. 

Optical data transmission via modulated light, preferably 
in the infrared spectrum, offers a multitude of advantages. 
Optical data transmission is characterized by Из resistance to 
interference. The design of the transmitter and the receiver 
element is comparatively simple. Furthermore, the amount of 
energy consumed by the optical receiver element is quite low, 
and the area needed for accommodating an optical receiver 
element is relatively small. 

In another broad aspect, the invention provides a micro- 
electronics element, such as a microchip, for a medical 
implant device to be implanted in the human or animal body, 
the microelectronics element comprising: a functional unit 
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including application specific microelectronics Юг perform- 
ing a function in the medical implant device, rectifier means 
adapted for converting an AC supply voltage into a DC volt- 
age, and corrosion suppression means for inhibiting electro- 
lytic corrosion of the microelectronics element in an aqueous 
environment. The DC voltage provided by the rectifier means, 
or an operating voltage which is derived from the DC voltage, 
is configured to be supplied to the functional unit. The corro- 
Sion suppression means comprises a circuit configuration in 
which the functional unit and the rectifier means are inte- 
grated on a common semiconductor substrate such that the 
microelectronics element avoids the presence of an external 
DC signal being (directly) applied to and/or acting (directly) 
on the microelectronics element. 

In this way, even where a physical electrical connection 
extends through a thin coating layer in the microelectronics 
element or microchip of the invention, the isolation of the 
element or microchip from a DC signal by the corrosion 
suppression means results in the desired inhibition of any 
corrosive effects. That is, the microelectronics element or 
microchip of the invention is not exposed to direct current in 
the corrosive aqueous environment. 

A medical implant according to an embodiment of the 
present invention comprises a microelectronics element, 
preferably in the form of an optical receiver element, as 
described above. The medical implant is desirably a retinal 
implant, with the optical receiver element being adapted for 
receiving and detecting a modulated light signal. 

The microelectronics element ofthe invention is especially 
well-suited for use in a medical implant device that is exposed 
to all kinds of body fluids. For a medical implant, long-term 
stability is highly important, because replacement of an 
implant device typically requires surgery. By using a micro- 
electronics element according to an embodiment of the 
present invention, electrochemical corrosion is significantly 
reduced or even completely eliminated, and hence, the life- 
time ofthe medical implant device is prolonged. By using an 
AC supply voltage for microelectronics elements (e.g. optical 
receiver elements) that have to date generally been supplied 
by a DC voltage, the long-term stability of the medical 
implant device is improved. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The above and further features and advantages of the 
present invention will become more apparent from the fol- 
lowing detailed description of preferred embodiments of the 
invention with reference to the accompanying drawings, in 
which like reference numerals identify like parts, and in 
which: 

FIG. 1 shows a microelectronics element illustrating an 
example of the concept of the present invention; 

FIG. 2 shows an optical receiver element according to an 
embodiment of the present invention; 

FIG. 3 shows the packaging of an optical receiver element 
according to an embodiment of the present invention; 

FIG. 4 shows an optical receiver element according to 
another embodiment of the present invention; 

FIG. 5 shows a microelectronics element illustrating 
another example of the concept of the present invention; and 

FIG. 6 showsa retinal implant device comprising an optical 
receiver element according to an embodiment of the present 
invention. 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


Referring firstly to FIG. 1 of the drawings, a microelec- 
tronics element in the form of a microchip 1 illustrating an 
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example of the invention is shown. The microchip 1 is 
designed to be implanted in the human or animal body in a 
medical implant device and comprises application specific 
microelectronics in a functional unit 2 for performing a func- 
tion in the medical implant device, and rectifier means 3 
adapted for converting an AC supply voltage into a DC volt- 
age. In this example, the rectifier means 3 comprises at least 
one diode and may include one or more filter capacitor or 
buffer capacitor for generating a smoothed DC voltage. It will 
be appreciated, however, that the rectifier means 3 may take a 
variety of different forms (e.g. a diode bridge-type rectifier, a 
voltage-adjusting rectifier, etc.) and may comprise an active 
rectifier circuit or a passive rectifier circuit. 

Both the functional unit 2 and the rectifier means 3 are 
integrated on a common semiconductor substrate 4 (formed, 
for example, from silicon, germanium or any other suitable 
material), with the arrangement of the rectifier means 3 and 
the associated circuitry configured to form corrosion suppres- 
sion means with which the microelectronics element, i.e. the 
microchip 1, avoids any externally applied or acting DC sig- 
nal or DC supply voltage. In other words, the microchip 1 is 
adapted to be driven by an AC voltage supply Ч „с which is 
applied to voltage supply pins 5 and 6. The frequency ofthe 
AC voltage preferably lies in the range of about 100 KHz to 
100 MHz. The rectifier means 3 is adapted to convert the AC 
voltage supply U „с applied to the voltage supply pins 5 and 6 
into a DC voltage Upc and this DC voltage then forms a 
supply voltage for the application specific microelectronics 
of the functional unit 2, i.e. at one or more input terminal of 
the functional unit 2. The microchip 1 further comprises a 
capacitor 8, which is connected to an output terminal 9 of the 
functional unit 2. The capacitor 8 is adapted for decoupling an 
output signal 10 from the functional unit 2, such that an output 
signal 10 at an output pin 11 of the microchip 1 comprises the 
alternating component of the signal generated by or output 
from the functional unit 2. A tuning arrangement comprising 
a capacitor 12 and an inductor 13 may optionally be provided 
in the AC voltage supply circuitry between the supply pins 5, 
6. Although not so shown, it will be appreciated that the 
tuning capacitor 12 and/or inductor 13 could also be inte- 
grated on the common semiconductor substrate 4. 

With reference now to FIG. 2 ofthe drawings, a microelec- 
tronics element embodied as an optical receiver element 1 
according to the present invention is shown. This embodi- 
ment basically corresponds to the example in FIG. 1, with the 
optical receiver element 1 comprising a functional unit 2, this 
time in the form of a photosensor comprising a photodiode. 
The optical receiver element 1 further comprises a rectifier 3, 
and both the photodiode 2 and the rectifier 3 are integrated on 
a common semiconductor substrate 4. As before, the rectifier 
can have a variety of different forms (e.g. a diode bridge-type 
rectifier, a voltage-adjusting rectifier, etc.) and may comprise 
an active rectifier circuit or a passive rectifier circuit. Also, as 
the semiconductor material, silicon, germanium or any other 
suitable material may be again used. In this case, however, the 
proper choice of the semiconductor material will usually 
depend upon the desired range ofthe wavelengths ofthe light 
to be detected by the photodiode 2. For wavelengths of up to 
1.1 micrometer, for example, silicon is usually a more suit- 
able material, whereas for wavelengths of up to 1.8 microme- 
ter germanium may be used. 

The optical receiver element 1 is driven by an AC voltage 
U „с. Preferably, the frequency ofthe AC voltage lies between 
100 kHz to 100 MHz. The AC voltage U ,« is applied to the 
voltage supply pins 5 and 6. The rectifier 3 is adapted for 
converting the AC voltage into a DC voltage U pe. The recti- 
fier 3 is composed of one or more diodes and may comprise 
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one or more filter capacitors or buffer capacitors for generat- 
ing a smoothed DC voltage U pc. This DC voltage then forms 
a supply voltage for the photodiode 2. The photodiode 2 is 
used in the so-called “photoconductive mode” under reverse 
bias. Photodiodes which are operated in the photoconductive 
mode are more sensitive to light than the ones based upon the 
photovoltaic effect and also tend to have lower capacitance, 
which improves the speed of their time response. A further 
effect of the reverse bias is widening of the depletion layer 
and strengthening of the photocurrent. 

When a beam of modulated light 7 is incident on the pho- 
todiode 2, a photocurrent is generated that alternates in accor- 
dance with the modulation of the modulated light 7. The 
optical receiver element 1 in this embodiment of the invention 
also comprises a capacitor 8 connected to a terminal 9 of the 
photodiode 2, with the capacitor 8 adapted for uncoupling or 
decoupling an output signal 10 from the photodiode circuit. 
The output signal 10 solely comprises the alternating com- 
ponent of the received signal. The modulation of the modu- 
lated light 7 may, for example, be chosen such that the output 
signal 10 does not comprise any constant component, or only 
a negligible constant component. The output signal 10 is 
supplied to an output pin 11 of the optical receiver element 1. 

FIG. 3 of the drawings schematically illustrates the exter- 
nal design of the optical receiver element 1. In this regard, the 
optical receiver element 1 comprises a photosensitive area 15 
that is made of a material that is transparent for the light to be 
detected. Preferably, the voltage supply pins 5, 6 and the 
output pin 11 are located at a reverse side of the packaged 
element 1 opposite to the photosensitive area 15. 

The optical receiver element 1 shown in FIG. 2 and FIG. 3 
is especially well-suited for realizing optical data transmis- 
sion in a surrounding where electrochemical corrosion is 
likely to occur. By integrating the photodiode 2 and the rec- 
tifier 3 on one common substrate 4, the optical receiver ele- 
ment 1 is designed to be operated with AC voltage instead of 
DC voltage. Photodiodes that have been used to date have 
required a DC voltage supply, and this has often led to gal- 
vanic corrosion of the metal elements exposed to the aqueous 
environment in the body. In the optical receiver element 1 
according to the present invention, however, the DC voltage 
supply is replaced by an AC voltage supply, so that damage 
resulting from galvanic corrosion may be significantly 
reduced or completely avoided. This allows use of optical 
data transmission in aqueous environments where galvanic 
corrosion was previously a problem. 

As noted above, optical data transmission via modulated 
light, preferably in the infrared spectrum, offers numerous 
advantages. Firstly, optical data transmission is characterized 
by its resistance to interference. Further, the design of the 
transmitter and receiver elements is comparatively simple, 
and the amount of energy consumed by an optical receiver 
element is quite low. The area required to accommodate an 
optical receiver element is also relatively small. 

In FIG. 4 of the drawings another embodiment of an optical 
receiver element 1 according to the present invention is 
depicted. In this example, the optical receiver element 1 com- 
prises a functional unit 2, again in the form of a photosensor 
comprising a photodiode, in combination with a rectifier 3, a 
capacitor 8, an ambient light control circuit 16, and an ampli- 
fier 17. All of these components are integrated on one com- 
mon semiconductor substrate 4. Compared to the embodi- 
ment shown in FIG. 2 of the drawings, therefore, the ambient 
light control circuit 16 and the amplifier 17 have been added. 

Again, an AC supply voltage U с is applied to the two 
voltage supply pins 5, 6. The rectifier 3 is adapted for con- 
verting the AC supply voltage U „Тоа DC voltage U pc, with 
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Upc then forming, or being used as, a supply voltage for the 
ambient light control circuit 16 and the amplifier 17. The 
ambient light control circuit 16 determines the intensity ofthe 
ambient light. Dependent upon the intensity of the ambient 
light, the ambient light control circuit 16 supplies an operat- 
ing voltage to the photodiode 2, whereby the operating point 
of the photodiode 2 is set to a respective optimum. When 
modulated light 7 strikes the photodiode 2, a modulated pho- 
tocurrent is generated. The alternating component ofthe pho- 
tocurrent is uncoupled or decoupled by the capacitor 8 and 
supplied to the amplifier 17. 

The ambient light control circuit 16 may comprise an auto- 
matic gain control. The automatic gain control is adapted for 
controlling the gain of the amplifier 17 in dependence upon 
the amplitude of the modulated detection signal, and for 
providing a gain control signal 18 to the amplifier 17. The 
amplifier's input signal is amplified according to the gain 
control signal 18, and the amplifier's output signal is provided 
to the output pin 11 ofthe optical receiver element 1. Accord- 
ing to a preferred embodiment of the invention, amplification 
of the modulated detection signal is activated as soon as the 
ambient light intensity exceeds a predefined threshold. 
According to a further preferred embodiment, the amplifier 
16 has a logarithmic characteristic. 

With reference now to FIG. 5 ofthe drawings, a microelec- 
tronics element in the form of a microchip 1 illustrating 
another example ofthe invention is shown. The microchip 1 is 
again designed to be implanted in the human or animal body 
in a medical implant device and again comprises application 
specific microelectronics in a functional unit 2 for performing 
a function in the medical implant device, and rectifier means 
3 adapted for converting an AC supply voltage into a DC 
voltage. As before, the rectifier means 3 comprises at least one 
diode and may include one or more filter capacitor or buffer 
capacitor for generating a smoothed DC voltage. In other 
words, the rectifier means 3 may again take a variety of 
different forms (e.g. a diode bridge-type rectifier, a voltage- 
adjusting rectifier, etc.) and may comprise an active rectifier 
circuit or a passive rectifier circuit. Importantly, both the 
functional unit 2 and the rectifier means 3 are again integrated 
on a common semiconductor substrate 4, with the arrange- 
ment of the rectifier means 3 and the associated circuitry 
configured to form a corrosion suppression means with which 
the microelectronics element, i.e. the microchip 1, avoids oris 
isolated from an externally applied or acting DC signal or DC 
supply voltage. 

Thus, the microchip 1 in FIG. 5 is adapted to be driven by 
an AC voltage supply U „с which is applied to voltage supply 
pins 5 and 6. The rectifier means 3 is adapted to convert the 
AC voltage supply О „с applied to the voltage supply pins 5 
and 6 into a DC voltage U „с and this DC voltage is then used 
to supply voltage to the application specific microelectronics 
of the functional unit 2. In contrast to the embodiments of 
FIGS. 1 to 4, however, in which an input interface of the 
microchip 1 (not illustrated in those cases) was, for example, 
adapted for optical data transfer, the microchip 1 in the 
present example comprises an input pin 19 for receiving a 
signal 10 to be processed. This signal 10 may, for example, be 
the output signal of an optical receiver element 1 according to 
one the embodiments of FIGS. 1 to 4. The capacitor 20 shown 
in the input line extending from the input terminal 19 is 
optional and may be included to filter or tune the signal 10. 

In this case, therefore, the functional unit 2 of the micro- 
chip 1 may comprise a processor adapted for processing the 
output signal 10 from an optical receiver element. Thus, when 
employed in a retinal implant device, as will be described in 
more detail below, the microchip 1 of FIG. 5 may be adapted 
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for processing the signal 10 in the processor unit 2 and then 
transmitting stimulation signals 21 to the plurality of elec- 
trodes of a retina-stimulating electrode array in the retinal 
implant via a plurality of output pins 11 ofthe microchip 1. 

With reference now to FIG. 6 of the drawings, a retinal 
implant device for implantation in a patient's eye is shown. 
Light passing through the cornea 29 and the eye lens 30 
(which may or may not be present in the patient to be treated) 
strikes the retina 31, which covers a large part ofthe eyeball’ s 
interior, primarily at the inner surface of the rear or posterior 
wall of the eye. The eyeball's outer surface is formed by the 
sclera 32. A choroid membrane 33 is located between the 
retina 31 and the sclera 32. The iris 34 determines the size of 
the pupil and, thus, the amount of light that may enter into the 
interior of the eye. The eye lens 30 is fixed by the ciliary 
muscle 35 or is explanted. The implant device comprises an 
intraocular part 36 and an extra-ocular part 37. The intraocu- 
lar part 36 is located in the interior of the eye, whereas the 
extraocular part 37 is fixed to the outer surface of the sclera 
32. The intraocular part 36 and the extraocular part 37 are 
electrically connected by a wire connection 38 that passes 
through the sclera 32 at a position directly behind the ciliary 
muscle 35. 

A retinal implant device is a visual prosthesis designed to 
provide some degree of visual perception to patients suffering 
from retinal degenerative diseases such as retinitis pigmen- 
tosa or macula degeneration. To this end, the apparatus 
includes an eye glasses 42 to be worn by the patient, the eye 
glasses 42 having a small video camera 40 integrated in or on 
the glasses frame 39. A video signal acquired by the video 
camera 40 is processed, and the image data are transmitted to 
the retinal implant device 43 via a modulated infrared light 
beam 41. The infrared beam 41 may, for example, be gener- 
ated by an infrared transmitter LED (not shown) located on or 
in the vicinity ofthe glasses 42. The modulated infrared beam 
41 passes through the patient's eye, including through the 
lens 30 of the eye, if still present, or otherwise through the 
space normally occupied by the lens 30, and strikes an optical 
receiver element 1 of the invention incorporated in the 
implant device 43. 

According to embodiments of the present invention, a 
microelectronics element in the form of an optical receiver 
element 1 of the kind described with reference to drawing 
FIGS. 3 to 5 may be employed, driven by an AC supply 
voltage. For a retinal implant, long-term stability is an impor- 
tant issue. Therefore, it is important to avoid galvanic corro- 
sion of the wire connections and voltage supply lines. By 
supplying an AC supply voltage to the optical receiver ele- 
ment 1, galvanic corrosion can be either eliminated or at least 
significantly reduced. 

The image data received by the optical receiver element 1 
is forwarded via the wire connection 38 to a retina stimulation 
chip 44. The retina stimulation chip 44 is operative to convert 
the image data into a sequence of stimulation pulses. Prefer- 
ably, the retinal stimulation chip 44 is implemented as a 
digital signal processing chip and may also constitute an 
embodiment of the present invention. That is, the retinal 
stimulation chip 44 may comprise a microchip incorporating 
the concept described above with reference to drawing FIG. 
5, in which the functional unit comprises a processor circuit. 
Via the wire connection 38, the stimulation pulses are sup- 
plied to an array of micro-contacts located on the intraocular 
part 36, namely on the retinal implant 43 implanted directly 
on the retina 31. The micro-contacts are adapted for stimu- 
lating the ganglia cells of Ше retina 31. 

The electrical power required for operating the retinal 
implant, in particular the electrical power consumed by the 
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optical receiver element 1 and/or the retina stimulation chip 
44, can be provided by a high frequency transmitter coil 46 
that is inductively coupled with a high frequency receiver coil 
47 located on the extra-ocular part 37 of the retina implant. 
The AC voltage provided by such a high frequency receiver 
coil 47 may thus used for powering either or both of the 
optical receiver element 1 and the retina stimulation chip 44. 

The invention claimed is: 

1. A retinal implant device configured to be implanted in a 
human or animal body, the retinal implant device comprising: 

a microelectronics element, the microelectronics element 

comprising: 

a functional unit including application specific micro- 
electronics for performing a function in the medical 
implant device, 

rectifier means adapted for converting an AC supply 
voltage into a DC voltage, 

wherein the DC voltage provided by the rectifier means 
oran operating voltage derived from the DC voltage is 
adapted to be supplied to the functional unit, 

wherein the functional unit and the rectifier means are 
integrated on a common semiconductor substrate 
such that the micro-electronics element avoids an 
external DC supply voltage and a DC signal, 

wherein the retinal implant device comprises an intra-ocu- 
lar implant configured to be located inside an eyeball and 
an extra-ocular implant configured to be located at an 
outer surface of the eyeball, the intra-ocular implant and 
the extra-ocular implant being connected by a wire con- 
nection. 

2. The retinal implant device according to claim 1, wherein 
the functional unit comprises a processor. 

3. The retinal implant device according to claim 1, wherein 
the functional unit comprises a photosensor adapted for 
detecting incident light, whereby the microelectronics ele- 
ment is adapted to function as an optical receiver element. 

4. The retinal implant device according to claim 3, wherein 
the photosensor is adapted for converting a modulated light 
signal into a corresponding detection signal. 

5. Theretinal implant device according to claim 3, wherein 
the photosensor is adapted for receiving and detecting an 
infrared light signal. 

6. The retinal implant device according claim 3 wherein the 
photosensor comprises a photodiode. 

7. Тре retinal implant device according to claim 3, further 
comprising a capacitor connected to a terminal of the photo- 
sensor, wherein the capacitor is adapted for decoupling an 
alternating component ofa detection signal from the terminal 
of the photosensor. 

8. The retinal implant device according to claim 3, further 
comprising an ambient light control circuit integrated on the 
common semiconductor substrate and adapted for determin- 
ing an ambient light intensity. 

9. Theretinal implant device according to claim 8, wherein 
the ambient light control circuit is adapted for controlling 
operation of the photosensor in dependence on the deter- 
mined ambient light intensity. 

10. The retinal implant device according to claim 3, further 
comprising an amplifier integrated on the common semicon- 
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ductor substrate and adapted for amplifying a detection signal 
detected by the photosensor, or a signal derived therefrom. 


11. The retinal implant device according to claim 10, 
wherein the ambient light control circuit comprises an auto- 
matic gain control adapted for controlling the amplifier's gain 
in dependence on the amplitude of the detection signal or the 
signal derived therefrom. 


12. The retinal implant device according to claim 11, 
wherein the ambient light control circuit is adapted for acti- 
vating amplification of the detection signal, or of the signal 
derived therefrom, when ambient light intensity exceeds a 
predefined threshold. 


13. The retinal implant device according to claim 1, further 
comprising a capacitor integrated on the common semicon- 
ductor substrate and connected to a terminal of said func- 
tional unit, wherein the capacitor is adapted for decoupling an 
alternating component of a signal from the functional unit. 


14. The retinal implant device according to claim 1, further 
comprising an amplifier integrated on the common semicon- 
ductor substrate and adapted for amplifying a signal output 
from the functional unit, or a signal derived therefrom. 


15. Theretinal implant device according to claim 1, further 
comprising: 
corrosion suppression means for inhibiting electrolytic 
corrosion of the microelectronics element in an aqueous 
environment. 


16. The retinal implant device according to claim 1, further 
comprising an optical receiver element, wherein the optical 
receiver element is adapted for receiving and detecting a 
modulated light signal. 


17. The retinal implant device according to claim 16, 


wherein the optical receiver element is adapted for receiv- 
ing a modulated light signal carrying image information 
and for converting the modulated light signal into a 
corresponding detection signal; and/or 


wherein the optical receiver element is adapted for receiv- 
ing and detecting a modulated infrared signal. 


18. The retinal implant device according to claim 16, fur- 
ther comprising: 
an array of micro-contacts located on the retina, the micro- 
contacts being adapted for electrically contacting gan- 
glia of the retina tissue; and/or 


a retina stimulation chip adapted for converting image 
information into corresponding stimulation impulses for 
the array of micro-contacts; and/or 


a high frequency receiver coil adapted for receiving a high 
frequency signal and for supplying an AC supply voltage 
to the microelectronics element and to the retina stimu- 
lation chip. 


19. The retinal device according to claim 16, further com- 
prising a photosensor adapted for supplying a detection signal 
to the retina stimulation chip. 


* * * * * 


